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” **>* * fllU •»> tOn,0 “ i ' b “«“ «■* ^"'*'7 «%» The fours composed of 
a ‘"° r "* r " rc, “ ° :i " nl1 “ ;l1 ” ***«> '“ESS. electing jmcothty, and rnlniniuitg the 
,0!iI 11 Hshom *>)»a»»rim. Cin ugmera t«i 

b7 ‘ ,l0 '" Jrl *W«aP«f«r.ustaple,lealampwuiow. h issi^Ued ,-hm the fillip-in 

■ . pTsvj „ important mV is. tf* c F()K;; j„. of inrcjrnlRttli> . 

■ !Oi pp.por h Ir Hjjjf3J!-ai S0 [rt Sidogict! Cybtrntties. 


■ - ■!■ r i,-: j 

Syb * tive contours *• perceived v]*n the vi ipit:n m in thc &p betwepil 
dktJnLt ***** C:lH igher m. C^r m% Com, = „d -| ^pd 0 r HI 75 , Ce^ry 
C ‘ !V ^ Jy Harris l97 ^ Kt " irs:i ^ Schumann 19-»1 Other ef fiHmg-in 

pr0CWWri : ' r ■ th - P amJvt( * in Opting| Bets, motion and rh, ccntlr,nation «/ the 

V ” lWl f(el * fcCraK5 rKL “ al «M*maiaA Th* itody nf the* ptoccssss has 

™n«r«r*r 4 a to dat* on tfc* For instance, tarier whzt mn iitio m will a 

W trElJecr<,? ' h - JIJ,;Cei¥f ‘ a au^ivtly pr^a^l «Lmn1i. or what ro «dtoons 

w|,J e " 31 ;l; ' :etl '- X Lc n of j?!• ■Jftrtive cot.tr>:■ n h?rv; 4 -i d» s i3 HC £ ••... Anotll „ r 


but hitherto mgtetcd proHrmpord by the fi!ling-ln phenomena. e*,«nis the 
the fJlIid-fn (outturn a,. J. tojutaric* Stow ai!>J*lw contours axe ipuhcrttf 
f!iC ■ isi:: ' ! 5 * j?Ci 1 ' ! M * ^ l n ='that of :hdr j:-..-• c r,,Jg !a P -\ ,t e dut»r.1;o-;t th,e n;, litre of 

Ch$ meC ^ ni4ni [lllC S*™E,fl t.i if* n: F r Islr.il fir* .t the 5 l ld|)e of 

£‘*jMtive c,Jnt0lln ^ lli - ;j sU £K c '* a n ci!i h!, of generator ibcst shapi. Fl wF1| 

b:? shc,w1 tkl ' 1 nalW0|!l iLe . 3u ^ 1 i nt trying to Iwv.,. rl.c con tours "as straight 

A1 t:+J1 P rL(Ju « C1jrv “ rx-'^rg the global F o F rty of rajn^hL^ totP.T cumnir* 

•■ I . ! ’ l!. of jj:' . i V CO|lt0l,l.;'3. 

° [ tUo H'iu'My mm fctl fusing through two given sdg«, which is the or.-: choxn 

H thc Vj,UKl 5 >' st * m? Lpt «■** ** Eh J <P** ™ nw*r Sy sato- three obiwufcnt tmd 

a.; hypotliisl* which will s*ve a* giiUiahnss f,.. r,lowing dov-n the imgt of possible 

sh ^ a 10 A u?llt ! ?lv Th * resulting curves v.-ill ;hen b-: ror.-p^d w j : i, aci^IFy perceived 
; 11 ' in contoiir.c l’h: four gii;delin?s ?!■(: 

I- Isotropy: As far as the fillaHn Cl-,- -. :>s cu- conc.rrr.ed tli ■ visual fieEcl Hcr.w 

homogeneous and isotropic; Tbt filled-is tmit&u proSuccd by a gi\ 
finite 6o not dunqc hi shape when ths figure is translated or rata tod. 

?, Srnuotlmesr.! except for &t?me special w, of fsUjtHn cn»,- or?, r| ; ,- g.;ii.: awvcs 

rmoorh, ill;■ t is, d|ffer<,-nl , job , k at least onrr. 

a. Minimum ,.urvaturq: This guid-eltee is inspL^'by tlis /esembfemce of the filled- h\ 
c MiuMTi £:, p thin doubly cantilevered beam or, altcrnc-Mv-dy. to the C WVC knav;;, j„ 

? ; 1; rLi.rsri':.;: .• : -. i r -V,- vnfin • ""..v- - ... , 

* ' , ■ ' ■ ■ ■ : ■ ■ : , -.: . ■ <?n 1 ,. I '. v \f<\ 
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cuivamn: [Afilberg, Nikon and Walsh l«6T Selwlnrkoff IS5S1 The shspr- of a vihi ctm 
contour passing through two given edges whose orientation difference is much Tests than nf% 
closely resembles the cubic spline pissing through this boundary edges. Ac this potaiJf only 
wish io stare this rtsHnb&ince info :.. the minimum curvature pr p will i ' »lvs a. 
Formal tre-: tenant :r: the ■"t|U ?1. 

*■ The locality hypothesis: fhc operation by which a ut ry ' . ■ ■ ■ :;-riirf.-{! to 
gencj .1 r'.ihjLi.Liva conn w > ssumol to be bat in • atuje, That is, ic dej • ; only on 
the end. part of the given edge to he extended and nut on the shape of the Entire cc- j-. 

This hypothesis is based in part on experimental observations, and partly on a theoretical 
consideration that is add re ae*5 : ■ the concluding disci-soon. 

The ecperiiOEnial observation Is diagrammed in figure E Figure h dep : 
subjective contour fa between two boundary ‘"rigm .'■ n ; .j, In lb , E is addnd on b, 
Snd in k a new edge which we shall tail A*E occupies th* entire portion of ■ ■ _ to £. 

The shape uf the fiifid-in contours ^.inalni :ht tame in all the three v*i iations. It 1$ 
assumed here that a contour between edges El and E2 is tic : y g.:i,c,ati^g a .vr 
ptKlble mtensiam of EL another v.■; extending Z2, and r"!i-on clmwlns one of the r* sulri aar 
curves eonnetcine Ft and EJJ, The fact that the rgatooft prodt c«l ■■■ E T. -- 1b) and by 

A-E (figure Ic) tire id cm ten I is i'cciiily explained if we adopt the locality auuumption, since 
according to this hypothesis (he extension in both rases depends on E alone. 

The four guidelines are s to res Ive the shape? of the fitlci n ours 

Let the set of possible j-xtan ilons sc A m: LI, L2,... -jX Cng m tbsm, sny ■ ' k 
togY-l,-1 ■■■■ ..!■ :: air c c mine from B produce the ctwstouj b. if nov* • ptsoe A in fisrune 



cnjitour hr 




la by the ■ tied edge fl E (figure £c) the canto •; r..«r rhnn-e in shape. Since in the 
sccoiid the tuntoltr L> prtidutettl I- 1 }' i. (the ! r:, auurrlpitoi } vis dad ice that E-LI, the 

LI from E t* : i-". _ ■: of E. 

From the iso>. ■; vrapi ■: t/, E r.l also congruent to soma Li, ]f i. 1 ir set of c irves T.L„ 
, r .,T.k chi'^ | o jesses the following property. If you (atki ■ - j curve Li and cut Li at me 
point T\ then the shape of P-Li, ilie continuation of Li from P onwards, i: co igrnent to one 

tf r.i I.Lit. Oj:j c^-re meet t! i- jolrenieiir - all the Li's sci Ur am of 

«*•: •• ■' : : 'ig ih^'hi:i-i i-f:: rintglit line) sttite any part of a circle Is 

congruent to sr.f other part of equal length. Undei certain conditions, the : jluticn is- 

Che Qtih set lit curvej obeying tin: abuvs requhaiTiLnr, horn .. I si: !: :.n'. ii.! gc here to 
iVvi.'.iir;.* Hifsc conditions. 

Li: r M: ■ r. do vt r rr ' ail he ' i-. .1, • A ... Iht i-;' .ooEhmess 

requirement, the prediction if. that the filleddn contour is go posed of Mif arcs oF two 
c . ti .:, c,iia tangent to one edge,, t!ic other tangent to) the yjvv. id . Ah ^ilAli^rral 
,n strictloi: is Imposed by smoothness guideline, which requires t'i - -- the two arcs share a 
.., , . ... ; ], u j r meeting pfcint. Then; i; s'.ill, however, tinfinite number of sre' 

pa Irs satisfying s 13 tlse above conditions. Following minimum cv:v- !--tc hyperthasts let 

us pick, out of nil ii\: •! ■ [wirs* the t . < ' .. I curvature. The 

i ■ • t‘ . . -■ ■• i- t! fir 1 _ ! A :V. .'dl;* cn :i . curve, j-e o( 

Is 1 .1 .r; slope of the curve. The v:- i r : L.i :! >■ sint p is Loots as the local 

curvature at that pc 3r. the siqnd, hi tvevar, the WCtf d "curvatl:; ■ * '.-All i A;i to total 
■ ! r |i •. - ■!• • : 'i. ted. 



Sjh ::. 1 : shape t-it l ysis i> tarried cut!.s:-s ~ wfrtl: •lying' also t: account fdf its 

generating mechanism, an important problem t! ; laturatly arises at this |. uinL is wEi^A.i' a 
rnc-esin'e Crf tin; total curvature tan be .omputad in ? lev."y .::.-■■■■.■■ = : i 1 , ■ -.1 

Width is positive and surprisingly c«y is discus ed in ths subs iquent sectloni when a, 
network n>udcl is piesented. Before turning ! ■: model !< : us compare few examples ■ i' 
canton i s c-r^iersiTerl by Lha gtitlirtpd rnsthed to r us; general 1 b) the visual ~ jv:s: n 1 . 

Figure 2 is <u» r.:.-an ;;!•.• u' :igai s tSa&c generate subjective contours. The contours 
■re enhanced by supporting 1 triangles that have a iittl?affect on die perceived shape. Of 
the supporting edg-e* are icc long or too short tl.o subjective co ntour tir-t's -..r-t touch ti.. •, 
and it atso diminishes, in strength.) The shape of the canto :r can be traced by placing :i 
transparent paper p:i the Figure and mailing the points the .ur se:ms Lo pass thv» gh. 
Figure 5a compares the resulting’ carat* w for figure iv ,. ov.-.i jo subjects with the 
CUrvj gen an ted Ly !' Aovc i .v-arcs method frum !?;■: two boundary edg ■.; (da! he I ! 

The iwo-arct curve is oepw - d in ?•& to;* her w<Ui the two genera lug ares: arc * whose 

cent i.' . uS .1 re 2 whose o n!-:.' is *1 • 2, 

Figui 1 ? 5b was a pi-..l f. ■ .1 ;!i!i display t'lbi' ■’ ■: l D£MD Computet syiten using ft 

Ttktfonix 4SB2 hard-copy wilt It had b n computed in fhe foSlo’.’ing ^L".... vi :■' . 

pairs can !*:* described ?.s 2 otie-paia meter family whi it the pa ran icier is 0 , the angle 
between of ihc edges and the fine fnstn this rdge 10 the in Kiting point of tEic clrch s, 
The minimum curvature u was found b j p ting the curvature for ! g 

L .Li tiOf 0 . 

Figure i compares. soma other actuaUjr p sprliived std-ja* ttve contours with ths ones 


i i! r-. 





riri:-' P ?. 

I'. :r r tfcfti |subjective; contours. 
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Fig:ire 3 

3 r, ~ i A corner iron btftwaara eltl actually psrc ivqij subjective contour and a 
t -sii ?rated ly tiio tMQ.*arcs aelhad (doihed Jiao). 

■ " ■ Tin: i o arcs fji:. f. • i-: t’. • coivsciv-' if. 3a, 
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gered! by the method imdi-r [he tame cfrcytmtancss, The contour r.-i-W v > 1 n f 
4 h productsd by r v"-'- ; lit fn ; : ,- li h imbjeatva circle and a sepia re « 

perceivable, Tim ciick : -r oi.i’iice with the method, the squar* *A «fS in th« 
'sequent rtim. 


Sectio 7.1 A . = . 1'.■ .'!' ; .. ' ! bj tctE •• • . U ., 

This ::■ ■: oi's i ... " oi k modul capable sviievii.-i* two-arcs, si (vootfi, 
rr. 3 ;i!iiT.MTi-f.'J:v :c»rs !>:!'.■'•■ Vi tVto given bound at}' adjjes. As tile shape r. nil “fit hi 

the preceding • , :i - • ! ! mi r-,i the Icl? II ty ■ isi*:.■ .is, ■. . . .:i 

i« .. v.'i ;fy ih.i: ;;--i proposed ctirvus <•? nisi.. ;nl •:!•; vnture can be generated by :i : 

p...-, V,i; - cul/ !■ i:: .1 e'.-:i.]?iT’.Uc L I; i r. :: - is v i.v.vli"‘ in to ■ f! • 

Study :f i r ' p.i " 1 Ti ■ !V;T I C S : i'u II "g :!.e - 103 C l! - { 1 ■'■ 

not i' ; : ^Hi-C-:iV3 I!j1g. 

The nstvorfc is con; *rnct«1 in Hint layers. The first Live sent Mis tin civics Isngemt 
to the boundary edges, *ml the third pinks the ntfAiomm airvasuis iimm-mr. 

The first 1 lj’er: i Hie building-blocks of i'..c n -t ?.tc offenferfM The -.x is a 

grill .if p.-i its, : : . i icti point ? there sre .1 number of orientation dements coming 
V from neig'nboi »ij£ ,< ", ■■■'■■ • ;m ■ ••••..:;-t "■••i elements ■ » 

nearby point* ffh s.. s._i the tUS st each point depends nr; the desired 

resolution.) Each output tleiswnt st is ccrmcctud Iv ■ 11 the JilpUt elements tisirr a 
of snenu r dtfjji <:•.'> fi'cm ! t, ije. r.!l ii c irtcdtiiing elements whose rn'leniatUitu s* r<r hetweeii r/S 
and *ri2 of tine output oritniatiM {fijuru f }. The basic npetac?on i.i cii.T network is ply 



? 

i 1 


Fi^ir-a:- G and 7 

f*.t: An output a\4Wf3it is conii^rteu to t-iiw input ■ wit-.in an 

: . i.on i' !..|a C* I’ d&gn!fi«P 

(Mj: ! CXsi Lk io \ r!..i..:.l. on the r'.'.; and tile output 

£ I C! 1 : '1 'i. ^ r 


7ft; Tii y input cl' ' ■ 11 ‘i t). and l? ca ■; i-. j 'i■ i &iinultansoti5T3fp 

I. . 11 -..: i e : H-: c= i tl.o si. ori'iatitlGU W:J •;• .i r-:- afctlVH 5 i tsUlUnclOUSly , 


Th . c--:u.r.-itu-:u 


v - pvj if. 





a local preference for straight lines; tv..h elerotenc ■.. c tes r:-.-. ,Ly a*.:-- id i blear neighbor, If I 


Is an orientation element entering P fa'in a ncarbjr point, the excitation of the elements 
radiating from ? will decrease: with the arrgla a between the i ipvt r.:.*l ■-!.■■.- c :i;n,t eki^ctHs 
(flgVK R!>). h in - -'.-fliY f'j.i ,i .. \, :•■} ([ \ U MimU Constant It, th "l 

is, thr exdtaiuit EfOi) is. Ml - k«t 3 .t). We iliall later we that the exact form of the function 


is not crucial «t all. At a given point P where many orients.'ii.■ .ms fiii fculh I 

out aF P„ the ex'dlation of 2 given output element Oj is * '■: ma> Imyni of ail the inputs 
connecting to if; namely: F-(Oj) - Max I ME - ), whet si, ingw over all the elemetrw 

connected to Oj, A bountiii.y edge A serves e* an Input to the network by axel' ig f n 
nui.-.idt' 1 et one nr tfvc orientation flUflients In the first layer. The excitation scheme fair 
tii.,i be viewed ?.? .1 real function K(f*, 0 ) which gjv .? the nxcftEtSon at 2 point P of senna 
orient -i 1 00 ent O, 

The second layer: At the second kycr t?.th pe::;t P : ccents input from a vtra't,? 
orientation by taking the maximum of Use.. ; :: in .he first foyer. If il and 12 (fig 7a) 

are two orteistation elements eoteriiig P (in the second layer) it :.i inipossible that bulb will be 
active- However 13 arid II {fl^vus 7b) c: 11 be 1 bve : lir.i ■.= *r ;! y i.. c-n the s .1 : 
orientation. We shall call such a j sircl sriis at a point, dil feting by ICO flegt , n 
arie niG iicr.-{--7ir. It A is now the injr:;t t-: die . v.i!•, i .Yemenis Li? thr . .. .id 

layer will i nrm si: a 03 of ctTctes fa n/rat ig A- ( shall briefly sketch the proof of this 
clc-iJj n_ 

(a). T.-<; 03 be 1 orientation ohnwRi ;it same point ft In the fo:'t layc-r, and bu Lh« 
excitation of some ether element 02 at r point Pi?. Let L dene tc ao r ne arbitrary pitch (a 



sequence of eunticctal elements) from 0t to 02, and let iIlmi j;c [lie product J‘((] ■ oc s j ) of 
ill tSiu SiingJfi cj between successive elementsTsfong L, Then E(G2) E{OJ)^lL, 

f iv ).et . .Ba b; i.:i j Jntert H its- elt ■ -,.i: l<! li ceti CJ arid 02 PL::; L>. E(BI} 

^ £{OlMl - is '• ) - use >’(B0 is the tnaxirr. m of m*ny igitus oms of which Is E(GJM1 - 

kct ft i ). For tin? sr- me reason E/M) l E( Jl)$(3 - ko^a J.K{0£> z: EfBnMi lus 4 n#i). 

1 liftM, 

ft) ECO?) fc f (OI) c (] ■ !ai a i )«_ (I - la 5 rm), rf-ar is, 

(.: ) MOD) > ECODdiL. 

(I>) Let J. b« a 1 o.il 1 : or i-T-'; rsejSt? In the Second Ly« radii! ting fro-i.i A :.:id passing 

through Li: {figure S) {It can he easily verified [list from any ext ited element s unique Ikhs 
of excited elements can be traced back to A.) Consider two situations An A-on situation 
’> ■ •"•■ A is L:i: -ip lit m <!:•■ ■•,••:,- A-.- -f: si:t- if •.. A ,s ‘.uiv. i off" and flic new 

Input to the net Is obtained by exciting Ol by :i._ same E{OL) jt had lit the A-on situation. 
Then, for eve y element O in [lit first b;vr E{0) jji ihe A r~ situ in.i ? Y{ O) in tlie A-off 
sHuati n Also, for the eh: . on L, E is the sam* in the two situations, The proof or this 

'■ mi folios; fro.;. (.) and will not b.. o- - :::ilerf. here. 

(c) The loci pf excited cr.lB s'.a;.lii v from Ol i;i the second layer is the same n Lite A-on 
and the A-off situations. Tu verify this claim considsi two inputs to a point P .Avg I.: ?u 
it I along the curve L, and an Input I.' from otitsi ie the- curve (figuiv- 6). I taiji£ on the 
curve m aus thal >\?j > Eff’j ?. i!.- : /.-•.■ ijiu:.-;if»;i. From {«) and (b) it follows that £{!) > 
i i the A off situation as well. This implies that the c.irv^ F between V and Ol 
•' i. r :=■■ :im ii; r !r A-off r 'ion, f- r : ' •: .. ,■ ••• it ■ ?! n* L. 

« i ' Q 
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The s3:iapc nf the curvo frtan 01 onwards h the 


>■"i'i'jj in the A-cu 


clii A-tj!"-" s:s-.ij a.i.n, 


tt„ him) 
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fi - ! 0,5 1-8 

*■ - rv _ ^ 
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1'^- 1.5> J..&S l.SG i.se 
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kppiuKtaating ihc- tot 2-1 curvature by :;,r product ftt *■rtfl - « [6'\ a* 


fUJiCTion of Lh 


(■'■. i ! • l.-Ml ( i (il .• I 1 • ; iHttJ. 













'Hi* L‘.:dt:‘lL(rJi pattern t-f ti\~ iscL r' • i net depend on tS-c. actur-l megr: crude of the 
excitation A, i Jiis- h iTUi biC3.LU<! the curves are e!^1:_.T.:i;i. ! • \y l;y cOiilp • ■ rCiibllS 

: ■ r ' for r':r;Li. 

v 

{■■4 1 N-. i:r;.•/{: '.V v-.uciura is i on»r;^tieoi s Siici isotropic, therefore If A is shifted or 
I'CfsM the -::c'" tion ji?rtr.', t; of In: (..Li:r,r.A v.']]J shift; ;-l: te wii’i 

Thz co fichu Ions from (a) to {■:} n„- £3 fulk.ws. if A i/. t^idl off and £(Ol? on, the 

•j, ..f.-j r J. : fi.fi: Ol Li. »'ards L'-. li:j. It■■; ' j he lin-ri-' '. I,.-'. OL !s c died by <iq 

amount ei-pial [0 A instead E{OlJ. Together with the isotropy property this e."i'::i!c that 
tiif a! '-pe of L from 01 onwards is congrnsnt Eg ih? shape 0 : I. [rum A onwards. Since this 
d tn.re for hft Sfi.iLr-a.ry Ol zhng L, T, must ix zn sre of * circL- {inch ding the limit case of 
. sti;-. : igliL line), 

1 he discussion so f; r criK'.',;L r ated around single input sUutnlDns* i r. A vms the only 
input. When there are two input edges A and B, the o-nly cornnHe t-ajccicrms cgnne * ,g A 
a r*d on the second layer wltf be edm posad of i -o arc-cird :s meeting smoothly. The resmi 

!■ o:,ly .t such mretfcg points the ah-.nani belong r«j to ; . A-curve, ?.nd the element 

belonging tu the B-wrre, constitute &n o'ienfction pair mi tin be horii copied to the 
second layer. 

■■ Jh Ihijcl b.'fir. :i the third hirer tha ts;sj in:y vhici r .• \h s t’,a tprrd curs.-lure 
I* picked up. It li-d been cl?im.d In (I12 prevtoui section tin 1 th • r ..= computation 
L-'i: indeed b? carried out by the propped netwwL In f^cl. the excit r.lwi E(0) aself u 
inversely proportioned m the total cur Mature of the ta. jacta f from A to o, and esn serve as 

£-1 -ec ‘ ■■■’ the l*.. ! ix -v 


r -v 

Tl 


PivGf. Lei L i)t t phl-sJ^rtias ate of sortie- circle uf 
::J chord* Of length tfl *»c* : , s: ;! I : ; i : ; '. 

I'.'.i tht \ . cf Hi:;- [Jioduct '■'|i - n r’l ■ ( i=. 1 


m-Uus, 


!-.. L 3 lV Lil^ llje arc info n 
1 fclemsnis J r nrl j*|. 

, ■ c is r" ,i |• 1 


■i:i ! r V nfr ! l f (;F t h i.:- rn:. Wfniio 
v •rifteiyiii for a eu‘<!" ' hr.- 


tins cUhm holds true fu: other curves as well it Is easily 
slE ths oj ?.r: v- ; -• ( The logarithm cf the above 


[■:>: .1 u t; is 

i ‘ 0 - rt^/dl). 


Expanding fn a 'JV'Yc irrb-s Oiv s-cii: 

! w s x" 

{<) -i! ci'Vdl 4 error. 


Tim rit ?.t term Js equal to -ph! Jrwd! wbLeh c 
f 1 to of ['i- l;:l viiich is p The iv 
whkh vanishes i;i t!i- 3i-;itL 


LjjeS lj -phi/x, comp?red to Live total 
vt term for large n is bounded by 2plU /nR , 


Ti is instructive to obsRrve haw well the cur'ra,tuis-product :.j pro* iro.it w Esp. -c. For 
tin: o it- it in figuf-j : th: l>■.:' <. rvs.’Lir is 1.!M .->10 . Yh-e minus frig.^rislim of the 
eurvaUits product -(L - rf 2 fdQ is given ic tabie I far different v< : !ucj aJ dl. It h:u- bran 
jm: : cifitt! ■! t-rcL- ion fu;: .i.:i d> • iv . -rvr. ii L. -ctiy (I - Ita*). Clump;, re For 
instance n(i - Let)- along two curves from A iti L. I'sp-c'.dim: on re again the logarithm 0 f 
this product c-'j a Taylot series,:! • first term is identical Fur si! iii■- iT!Vfcs ixi question, th* 
i '. nd ! g the v. [U: ■ r . ■ sure. s\i<J the error . is ; smul!.-. Limn ihe 
s-ewnd term ^s" , c !: r'Y c ^re small. Note al;a T. ■ .hn wact form uF th; [j t- u 


i-.-m-- :-J *5 ii: iiu- cirelc-gen-r- ! p 1 ,r A fi -■] i-Fi.nr-.rk cn.-'' ! J--lng th p tole r-nc r=r tri* 

enmpucaSon to inaecu . lets It that if ins! sd of thd mbsinujai ciirv-.-Wrc contour an arc pa Sr 

ii 


v ■! ■: li ^'-:: ;'.'r-.yto Ji those; i,. Mid resulting contour will be clou t lly to the 


i . ; .. . i l ! ! i '.- L: I !.• r j li sa. 

The :n!n : C-'iVilL- r.".i }/ i u m ■!. !. I -A tl. third byr C:.!iaf 

r irnm • ' the products where 0\, 02, are nn ortenutiem pair 5t P in the 

second layer. The only [liirJ hyr cells with non-icro activity will be at Elir poLii" ■. li-Ta the 
(■■■■■■: f: ..; ■"■ • •' r ■ >:'-= , io/. iV!LOflUt Furthermore, tlii' tb ■■ i i 

activity at V will nii-r.ter: \'. : l - -t t,l the erifi'r^ curve c inerting A : B and passing 
thajjgli F. V'iirt remains Ln ! :. ;b:v is to erase ail die cum.- jti I "t t!.‘: anc passing 
tii '-.ii-jgh the rncst ex dud third kyer cell. Perhaps the most straightforward *.ay of 
i i'i ■ ■. -tplLsliUig IL*.is. task k by : pyiiig tec djiicr • tt- t< ui ; lu. c d .•• fourth layer by 

ing at tlie rr.o": c::.:iisd cell and trac ng the two arcs all tha way bath tn A and u B. 1 
shall nut wnccrn myself hare with such possible copying mechanism as it bears no direct 
i'l-I ,•.•■; ■■ 1u till problem at hand. 

One modification might, liavvvar, h: reymr'c * re account for the generations of 
£Uhjeetive comets. It, fur example, the third layer colb accept no! cnly orientation-p’tics. 
separated by ISO but also pairs separated bySO.tl ■■ '■ n the radius c". the minimum 
cui-wtiir. 1 curve becomes too small, it will be replaced by a cognitive corner. Since this 
b•■" , i pb :nomannn depends on the radius or chi ■ tfure, ii- fhnyid br specie:! tlr.t in 
■ figure !ibj 15], vhui both r. circular and ? square suby: . ..tows arc perceivable, the 
square will predomwivii 1 ; with increasing viewing distance ( n<5 decreasing radius), as is 
\ ■ !.:■: tht t re. 


P' ■ .'! ■ ' 


I ihFlMngrin [uoeesi » f^cial-purpo^, r. :-.!}•. i'lvftiedS m nism, cl- da*s it play 
tw.unon roll- i:-, i’,r visar.1 prrt,*!-..s? I? : : ;11 My £.i me it in fact ink* art i ctlve 
j -rt in i:i: r..:i!y yinxcnsing of vi:.' 2.1 i lifer math.-n. Wiiafi t... act 1 . >l'y tr! r n. as an 
(it i v is confronted v/itli the problem that the resulting ooill t • fragmented, 
r ._ i..: t.y j g a j:'. This difficulty oh be s* ribiHsd only En part to the Intperfectnitss 

of 11:*: p. acAfLsing technique! It is an Inevitable problem os lung ns t::-. d&t • and the 

utation are net naise-frie, One of ;li“ main pnjblsi.u Ui early visual processing is thus 
gluing the fragmented cdtsteuirs f JiTextly Filling in The g.-p between them [Marr Etfiil. 
The filling-in operation is thus expect J to bo largely i dependent of hJgh*lev ■ sjoct and 
figure recucgriUK', i. Nit her level module* stem to interart with the subjective contour 

Lon mu-inlf, though perhaps not solely, '■ i'■ the frl '. Le. the d '■ Woo 

ich edge should be extended cr.n he affeetd by such tons! ijrctiuni QbKurailc .11 and 
Fit,tire ctnripkienejs. It i; also plausible that a major c-liarac-verislie of the fdld-in contours 
will be ?. l vir- "I M the stage whs.-rc tt.e filling-iri takes plat?: vj little is yvl known 

; I: ■: . E*: '^ shape. It is only known (« . J) tbit the contour of a rtnjF fo object 

should extend across the gap. It had been Indicatsd in the past tint the par l.-'Ioti of an 
Image to sub-parts is lnr;.:!/ L ?::d vn y. nts of high curvature [Atbseav*: 19S4, FSotcnfeld 
] 9] Ct juvofsly, "bur object ‘j.- h , ■ irothif ; ■* "rn jv.-n about i!..- ebj a:1 ; is I? Kite xtcd by 


the 1. '.i: rf points. 
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